Background
==========

Rheumatoid arthritis (RA) affects more than 1% of the world's population and is an inflammation-related disorder \[[@b1-medscimonit-26-e924787]--[@b3-medscimonit-26-e924787]\]. In China, RA is more prevalent in women than in men and is diagnosed in \~0.50% of the population \[[@b4-medscimonit-26-e924787]\]. The main symptoms in rheumatoid arthritis patients are joint deformation and stiffness, swelling of joints, and cartilaginous tissue destruction \[[@b5-medscimonit-26-e924787],[@b6-medscimonit-26-e924787]\]. RA is believed to be induced by a combination of environmental factors, hereditary, and immunity disorders, but its pathogenesis not yet understood \[[@b7-medscimonit-26-e924787]\]. The treatment for RA-mediated joint decomposition generally aims to delay loss of movement associated with the disorder \[[@b8-medscimonit-26-e924787]\]. The articular cartilage erosion is caused directly by the hyperplastic synovial tissues in patients with RA. The synovial fibroblasts possess proliferation ability similar to those of tumors, resulting in the formation of synovial hyperplasia \[[@b9-medscimonit-26-e924787],[@b10-medscimonit-26-e924787]\]. These fibroblasts mainly contribute to the pathogenesis of RA by aggregating in hyperplastic synovium \[[@b9-medscimonit-26-e924787],[@b10-medscimonit-26-e924787]\]. The accumulation of inflammatory cytokines and over-production of MMPs act as mediators for development of joint inflammation, which subsequently damages joints \[[@b10-medscimonit-26-e924787]\]. Recent studies have mainly focused on synovial fibroblast proliferation inhibition to explore the pathogenesis and for development of RA treatment \[[@b11-medscimonit-26-e924787]--[@b13-medscimonit-26-e924787]\]. Thus, targeting proliferation and activating apoptosis of the synovial tissues is the most common aim for treatment of RA \[[@b14-medscimonit-26-e924787]\]. Although there has been significant progress in RA therapeutic strategies, the efficacy remains unsatisfactory. Thus, effective and novel therapies to treat RA are urgently needed. Multiple disorders, including chronic inflammatory disorder, cardiovascular disease, and aging, are associated with oxidative stress. In humans, a well-established antioxidant system consisting of enzymes and antioxidant compounds perform repair and re-synthesis of damaged tissues \[[@b15-medscimonit-26-e924787]\]. The pathology of RA has been found to be very closely involved in oxidative responses in animal models \[[@b16-medscimonit-26-e924787]\]. Among many factors, TNF-α and IL-1β play a prominent role in the progression of RA \[[@b17-medscimonit-26-e924787]\]. The studies have demonstrated that COX-2 and COX-1 are involved in the development of inflammation \[[@b18-medscimonit-26-e924787],[@b19-medscimonit-26-e924787]\]. The COX enzyme is very useful for the formation of prostaglandins and it aggravates cellular inflammation \[[@b18-medscimonit-26-e924787],[@b19-medscimonit-26-e924787]\]. Rheumatoid arthritis involves chronic inflammatory responses and synovial hyperplasia, leading to degradation of connecting bones and cartilages at joints \[[@b20-medscimonit-26-e924787]--[@b22-medscimonit-26-e924787]\]. It is a chronic inflammatory disorder damaging many peripheral joints, followed by extra-articular decomposition \[[@b23-medscimonit-26-e924787]\]. The patients experience chronic pain, numbness, gain weight, joints swelling, and loss movement, and there is a burning sensation in the muscles \[[@b24-medscimonit-26-e924787]\]. The present study investigated the role of retinoic acid-platinum (II) complex \[RT-Pt(II)\] in the treatment of RA and explored the underlying molecular mechanism.

Material and Methods
====================

Cell culture
------------

Rheumatoid arthritis synovial MH7A cells were provided by the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were incubated for 24 h in RPMI-1640 medium mixed with FBS (10%) plus a mixture of antibiotics-penicillin and streptomycin (100 μg/ml) in an atmosphere of 5% CO~2~ at 37°C. To induce RA, RT-Pt(II)-treated cells incubated for 48 h were stimulated at 37°C with 10 ng/ml concentration of TNF-α for 24 h.

Viability assay
---------------

MH7A cells (3×10^5^ cells/well) put in 96-well plates and treated with RT-Pt(II) at 0.25, 0.5, 1.0, 2.0, 4.0, 8.0, and 12 μM doses. Cells were incubated for 48 h, followed by stimulation for 24 h with TNF-α at 37°C to induce RA. Then, MTT solution at 0.5 mg/ml concentration was added to each well and cells were then incubated for 4 h. Formazan crystals in the wells were dissolved by adding 120 μl DMSO. Absorbance was recorded at 587 nm for viability measurement using a microplate reader.

Apoptosis assay
---------------

Cells (2×10^5^ cells/well) in 96-well plates were treated with 4 and 12 μM doses of RT-Pt(II). Then, 10 ng/ml of TNF-α was added to wells and cells were incubated for 24 h. Cells were washed in PBS and treated with 400 μl binding buffer and then dyed for 40 min in the dark at 4°C using 5 μl Annexin V-FITC. Cell staining with propidium iodide (10 μl) was carried out for 20 min in the dark at room temperature to detect apoptotic changes. FACSCalibur flow cytometry was used for cell apoptosis detection and FlowJo software was used for analysis of apoptosis.

ELISA
-----

Cells treated with 4 and 12 μM RT-Pt(II) were stimulated with 10 ng/ml TNF-α for 24 h. The cell culture was centrifuged at 1550 g and 4°C for 15 min to obtain the supernatants. The levels of cytokines -- IL-1β (Ab100562), IL-6 (Ab46027), IL-8 (Ab46032), MMP-1 (Ab100603), and MMP-13 (Ab100605) -- were assessed using commercially available ELISA kits (Abcam, Cambridge, UK).

Reverse transcription quantitative polymerase chain reaction (RT-qPCR)
----------------------------------------------------------------------

The RNA from RT-Pt(II)-treated cells was obtained using TRIzol^®^ reagent. The PrimeScript™ RT kit (Takara Bio, Inc., Otsu, Japan) was used for synthesis of cDNA. To perform qPCR, the SYBR^®^ Premix Ex Taq™ II was used. The procedure involved: amplification for 10 min at 93°C, then 38 cycles for 12 s at 93°C and for 25 s at 70°C, followed by 2 min at 76°C. The PCR samples were analyzed for gene expression by 2^−ΔΔCq^ method \[[@b26-medscimonit-26-e924787]\] using GAPDH as control. The primers were:

1.  iNOS forward: GAGAAGTCCAGCCGCACCAC,

    reverse: GAACAATCCACAACTCGCCCAAG;

2.  Bcl-2 forward: TTGGATCAGGGAGTTGGAAG,

    reverse: TGTCCCTACCAACCAGAAGG;

3.  COX-2 forward: TCCATTGACCAGAGCAGAGA,

    reverse: TCTGGACGAGGTTTTTCCAC;

4.  Bax forward: CGTCCACCAAGAAGCTGAGCG,

    reverse: TGTCCCTACCAACCAGAAGG;

5.  GAPDH forward: CTTTGGTATCGTGGAAGGACTC,

    reverse: GTAGAGGCAGGGATGATGTTCT.

Western blot analysis
---------------------

After treatment with 4 and 12 μM RT-Pt(II), cells were stimulated with 10 ng/ml TNF-α for 24 h. Protein extraction from cells was performed using RIPA buffer and quantified by BCA assay. The protein resolution was achieved on 10% SDS-PAGE by loading 25-μg samples per lane. Proteins were transferred to PVDF membranes blocked with 5% non-fat milk plus 0.1% Tween-20 for 1.5 h. Incubation with anti-p-Mek1/2, anti-p-p65, anti-iNOS, anti-COX-2, anti-Bax, and anti-β-actin primary antibodies (Cell Signaling Technology, Inc., Danvers, MA, USA) was performed overnight at 4°C. Then, incubation with secondary antibodies was carried out at room temperature for 2.5 h. The immunoblots were assessed using a chemiluminescence kit (Cell Signaling Technology, Inc.) and quantified by Gel-Pro Analyzer (version 6.3; Media Cybernetics, Inc., Rockville, MD, USA).

Experimental animals
--------------------

We obtained 40 Sprague-Dawley rats (weighing 260--320 g) from the Animal Center of Shandong University (Shandong, China). The rats were individually caged in sterile cages in the Animal Center with 65% humidity and 23±2°C and 12/12-h light/dark cycles. The rats were given free access to laboratory food and water. The experimental protocols were conducted in accordance with the guidelines issued by the Animal Care and Use Committee, NIH, China. The study was approved by Yan'an University Affiliated Hospital, approval number 202004-0028.

Establishment of RA model and treatment
---------------------------------------

A previously reported established protocol was used for development of rheumatoid arthritis in rats \[[@b11-medscimonit-26-e924787]\]. After acclimatization in the laboratory, the rats were intraperitoneally injected with 50 mg/kg sodium pentobarbital. Then, Freund's adjuvant (Sigma-Aldrich, St. Louis, MO, USA) was injected between the 2^nd^ and 3^rd^ toes. The rats developed inflammatory swelling in the right ankle, and inflammation in the nodes of the forelimbs, ears, and tail. The rats were separated into 4 groups of 10 animals each. Rats in the model RA and control groups were given normal saline, and rats in the 2 treatment groups received 2 or 5 mg/kg RT-Pt(II) intragastrically as a single dose.

Determination of arthritic score
--------------------------------

The rats were evaluated for arthritis score microscopically on the 7^th^, 14^th^, and 21^st^ days of treatment. Arthritis development in entire paw and digits was scored 11--15 points, arthritis in \>2 joints was scored 6--10 points, arthritis formation in 2 joints was scored 1--5 points, and no arthritis was scored 0 points.

Oxidative stress measurement
----------------------------

The RA rats were treated with 2 and 5 mg/kg doses of RT-Pt(II), and blood samples from peripheral vessels were collected on day 21 after treatment. The samples were subjected to centrifugation at 2500 g and 4°C for 15 min. The malondialdehyde level and catalase, glutathione peroxidase, and superoxide dismutase activities in the supernatants were analyzed using commercial kits (Beijing Boaosen Biotechnology, Beijing, China).

Statistical analysis
--------------------

The data are expressed as mean±standard deviations of triplicate measurements. Statistical analysis of the data was performed using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). For determination of statistically significant differences, the *t* test and one-way ANOVA were used. P\<0.05 was regarded as indicating a statistically significant difference.

Results
=======

Inhibition of TNF-α-mediated upregulation of cellular proliferation by RT-Pt(II)
--------------------------------------------------------------------------------

The TNF-α treatment significantly (P\<0.05) increased the proliferative ability of MH7A cells compared to the unstimulated control group ([Figure 1](#f1-medscimonit-26-e924787){ref-type="fig"}). However, RT-Pt(II) exposure alleviated TNF-α-mediated enhancement of MH7A cell proliferative ability in a concentration-dependent manner. The increased proliferative ability mediated by TNF-α was significantly (P\<0.02) alleviated by RT-Pt(II) exposure at doses of 0.25 to 12 μM. The inhibition of TNF-α-mediated proliferative ability of cells was alleviated completely by exposure to 12 μM RT-Pt(II) for 48 h.

RT-Pt(II) reversed the inhibitory effect of TNF-α on cell apoptosis
-------------------------------------------------------------------

The TNF-α treatment of MH7A cells suppressed apoptotic death compared to non-stimulated control cells ([Figure 2A](#f2-medscimonit-26-e924787){ref-type="fig"}). However, RT-Pt(II) treatment at 4 and 12 μM significantly (P\<0.05) reversed the apoptosis-inhibiting effect of TNF-α in MH7A cells. The TNF-α-mediated MH7A cell apoptosis suppression was alleviated completely by 12 μM RT-Pt(II) at 72 h. In TNF-α-stimulated MH7A cells, the Bcl-2 level was markedly elevated relative to non-stimulated control cells ([Figure 2B](#f2-medscimonit-26-e924787){ref-type="fig"}). There was TNF-α-mediated downregulation of Bax in MH7A cells. However, RT-Pt(II) exposure at 4 and 12 μM reversed the elevation of Bcl-2 and downregulation of Bax by TNF-α stimulation in MH7A cells.

RT-Pt(II) inhibited TNF-α-mediated inflammatory cytokines
---------------------------------------------------------

In TNF-α-stimulated MH7A cells, a marked elevation of matrix metalloproteinase-1/-13 and interleukins-1b/-6/-8 levels was observed compared to control cells ([Figure 3](#f3-medscimonit-26-e924787){ref-type="fig"}). The RT-Pt(II) treatment at 4 and 12 μM concentrations markedly suppressed TNF-α-mediated elevation of these factors. The TNF-α mediated promotion of cytokines was alleviated completely on exposure to 12 μM RT-Pt(II).

RT-Pt(II) suppressed TNF-α-induced iNOS and COX-2 expression
------------------------------------------------------------

In TNF-α-exposed MH7A cells, the level of iNOS was much higher relative to non-stimulated control cells ([Figure 4](#f4-medscimonit-26-e924787){ref-type="fig"}). The COX-2 in TNF-α-exposed cells was also over-expressed relative to non-stimulated control cells. Treatment with 4 and 12 μM RT-Pt(II) alleviated upregulation of iNOS and COX-2 in TNF-α-exposed MH7A cells. The TNF-α-mediated iNOS/COX-2 upregulation was alleviated completely by treatment with 12 μM RT-Pt(II).

RT-Pt(II) alleviates TNF-α-induced MEK/NF-κB activation
-------------------------------------------------------

In TNF-α-exposed MH7A cells, the p-MEK/1/2 expression was markedly higher relative to the control cells ([Figure 5](#f5-medscimonit-26-e924787){ref-type="fig"}). The TNF-α exposure also caused marked elevation of p-p65 expression in MH7A cells. In RT-Pt(II)-pre-treated cells, the TNF-α-mediated elevation of p-MEK/1/2 expression was markedly reversed. Additionally, RT-Pt(II) pretreatment also reversed TNF-α-mediated elevation of p-p65 expression in MH7A cells.

RT-Pt(II) inhibits arthritic score in RA rats
---------------------------------------------

In RA rats, the arthritic score was much higher relative to the normal control rats on days 7, 14, and 21 ([Figure 6](#f6-medscimonit-26-e924787){ref-type="fig"}). The RT-Pt(II) treatment of the RA rats significantly (P\<0.01) reduced arthritic score relative to the RA group. The reduction of arthritic score by RT-Pt(II) treatment was more prominent in the 2 mg/kg group compared to the 5 mg/kg group.

Regulation of NF-κB p65 and interleukins-1β/-6 by RT-Pt(II)
-----------------------------------------------------------

The NF-κB p65 level on day 21 was much higher in RA rats relative to the normal group ([Figure 7](#f7-medscimonit-26-e924787){ref-type="fig"}). Moreover, interleukins-1β/-6 levels were also elevated in RA rats relative to normal group. However, RT-Pt(II) treatment of the rats at 2 and 5 mg/kg doses reversed RA-induced higher expression of NF-κB p65. The RT-Pt(II) treatment also suppressed RA-mediated increased activities of interleukins-1β/-6 in the rats on day 21.

RT-Pt(II) treatment of RA rats suppressed COX-2
-----------------------------------------------

In RA rats, assessment of COX-2 expression showed markedly higher level relative to the normal group ([Figure 8](#f8-medscimonit-26-e924787){ref-type="fig"}). The RT-Pt(II) at 2 and 5 mg/kg doses significantly (P\<0.05) reversed RA-mediated elevation of COX-2 expression on day 21. The COX-2 expression suppression by RT-Pt(II) was more prominent in the 5 mg/kg treatment group compared to the 2 mg/kg group.

Discussion
==========

The present study demonstrated that RT-Pt(II) inhibits RA-mediated inflammatory responses *in vitro* in MH7A cells and *in vivo* in rats. The RT-Pt(II) inhibits MH7A cell proliferation via targeting activation of MEK/NF-κB pathway.

Retinoic acid is well known for its role in multiple physiological pathways, including inflammation, embryogenesis, cell differentiation/proliferation, and morphogenesis \[[@b25-medscimonit-26-e924787]\]. It exhibits an immunomodulatory effect \[[@b26-medscimonit-26-e924787]\], acts as an antitumor agent, and has been used to treat inflammatory diseases of the skin \[[@b27-medscimonit-26-e924787]--[@b29-medscimonit-26-e924787]\] and acute promyelocytic leukemia \[[@b30-medscimonit-26-e924787]\]. In rheumatoid arthritis, which is a typical autoimmune disorder, retinoic acid has been demonstrated to exhibit a therapeutic role in the animal models \[[@b31-medscimonit-26-e924787]--[@b34-medscimonit-26-e924787]\]. Therefore, the present study hypothesized that RT-Pt(II) may have therapeutic importance for the treatment of rheumatoid arthritis. Synovial hyperplasia and pathogenesis of RA is mainly associated with synovial fibroblasts \[[@b10-medscimonit-26-e924787]--[@b13-medscimonit-26-e924787]\]. These cells are involved in the inflammatory processes and angiogenesis, which subsequently result in decomposition of joint bones and cartilages \[[@b35-medscimonit-26-e924787],[@b36-medscimonit-26-e924787]\]. The present study evaluated RT-Pt(II) as an anti-proliferative molecule against MH7A cells *in vitro*. We found that RT-Pt(II) treatment prevented RA-mediated enhancement of MH7A cell proliferative potential in a dose-dependent manner. These initial assays suggest that RT-Pt(II) can be of importance for treatment of rheumatoid arthritis. Therapeutic compounds prevent arthritis in rats by targeting synoviocytes and suppressing synovial COX-2 \[[@b37-medscimonit-26-e924787]\]. iNOS is the main producer of nitric oxide and is generally involved in inflammatory disorders such as RA progression \[[@b38-medscimonit-26-e924787]\]. The inflammatory reactions are associated with COX-2 expression, which have been shown to be upregulated in RA \[[@b39-medscimonit-26-e924787],[@b40-medscimonit-26-e924787]\].

Research on RA pathogenesis has revealed involvement of various cytokines (e.g., TNF-α and IL-6). Studies have proved that biological agents which target TNF-α and IL-6 cytokines are more potent than conventional antirheumatic drugs used for the management of disease \[[@b41-medscimonit-26-e924787]--[@b44-medscimonit-26-e924787]\]. In the RA cell model, iNOS and COX-2 levels were found to be markedly upregulated relative to normal cells \[[@b28-medscimonit-26-e924787],[@b40-medscimonit-26-e924787]\]. In the present study, a marked elevation of interleukins-1β/-6/-8 and matrix metalloproteinase-1/-13 was observed in MH7A cells by TNF-α induction. However, pretreatment of MH7A cells with RT-Pt(II) alleviated TNF-α induced upregulation of cytokines. The TNF-α-mediated cytokine upregulation was significantly alleviated by RT-Pt(II) pretreatment at 12 μM. The RT-Pt(II) pretreatment reversed upregulation of iNOS expression and inhibited TNF-α-stimulated COX-2 overexpression in MH7A cells. It is reported that inhibition of the MEK/NF-κB pathway in inflammatory disorders has a protective effect \[[@b45-medscimonit-26-e924787]\]. In the present study, RT-Pt(II) pretreatment suppressed TNF-α-mediated activation of the MEK/NF-κB pathway. These findings suggest that RT-Pt(II) alleviates RA by targeting the MEK/NF-κB pathway.

Conclusions
===========

Thus RT-Pt(II) inhibited RA induced by TNF-α *in vitro* in MH7A cells and in the rat model by inhibition of inflammatory responses. Moreover, RT-Pt(II) inhibited proliferative potential of MH7A cells and targeted the MEK/NF-κB pathway. Therefore, RT-Pt(II) may have therapeutic importance for the treatment of rheumatoid arthritis. However, more studies using histopathological analysis need to be performed to better understand the mechanism of RT-Pt(II) in prevention of rheumatoid arthritis.

**Source of support:** Departmental sources

![Effect of RT-Pt(II) on proliferation up-regulation by TNF-α *in vitro*. The RT-Pt(II) exposed cells at 0.25 to 12 μM concentration for 48 h were treated with TNF-α. The changes in proliferative abilities were measured at 72 h of exposure to RT-Pt(II) by MTT assay. \* P\<0.05, \*\* P\<0.02 and \*\* P\<0.01 *vs.* TNF-α stimulated cells.](medscimonit-26-e924787-g001){#f1-medscimonit-26-e924787}

![Effect of RT-Pt(II) on MH7A cell apoptosis. The RT-Pt(II) exposed cells at 4 and 12 μM concentrations were treated with TNF-α at 48 h. (**A**) The cellular apoptosis at 72 h of RT-Pt(II) treatment was analyzed by flow cytometry. (**B**) The protein expression at 72 h of RT-Pt(II) treatment was assessed by western blotting.](medscimonit-26-e924787-g002){#f2-medscimonit-26-e924787}

![(**A--E**) Effect RT-Pt(II) on matrix metalloproteinase-1/-13 and interleukins-1β/-6/-8 levels. The RT-Pt(II) exposed cells at 4 and 12 μM concentrations for 48 h were treated with TNF-α. The level of proteins was detected using ELISA assays at 72 h of RT-Pt(II) treatment. \* P\<0.02 and \*\* P\<0.01 *vs.* TNF-α treated control](medscimonit-26-e924787-g003){#f3-medscimonit-26-e924787}

![Effect of RT-Pt(II) on iNOS/COX-2 in TNF-α exposed cells. The RT-Pt(II) treated cells at 4 and 12 μM concentrations for 48 h were exposed to TNF-α. (**A**) The protein levels were measured at 72 h of RT-Pt(II) treatment by western blotting. (**B**) In RT-Pt(II) treated cells mRNA levels were analyzed at 72 h using RT-PCR. \* P\<0.02 and \*\* P\<0.01 *vs.* TNF-α treated cells.](medscimonit-26-e924787-g004){#f4-medscimonit-26-e924787}

![Effect of RT-Pt(II) on MEK/NF-κB phosphorylation. The RT-Pt(II) exposed cells at 4 to 12 μM were treated with TNF-α at 48 h of exposure. (**A**) The measurement of phosphorylation for MEK/NF-κB (p-665) was performed by western blotting at 72 h of RT-Pt(II) treatment. (**B**) Semi-quantification of the data \* P\<0.02 and \*\* P\<0.01 *vs.* TNF-α treated cells.](medscimonit-26-e924787-g005){#f5-medscimonit-26-e924787}

![Effect of RT-Pt(II) on arthritic score. The RA rats untreated or treated with RT-Pt(II) at 2 mg/kg and 5 mg/kg doses were macroscopically assessed for arthritic score on days 0, 7, 14 and 21 of RT-Pt(II) treatment. \* P\<0.02 and \*\* P\<0.01 *vs.* untreated RA rats.](medscimonit-26-e924787-g006){#f6-medscimonit-26-e924787}

![Effect of RT-Pt(II) on NF-κB p65 level, interleukins-1β/-6 and MMP-1/-13 activities. The RA rats untreated or treated with RT-Pt(II) at 2 mg/kg and 5 mg/kg doses were assessed for (**A**) NF-κB p65 level and activities of (**B**) IL-1β and (**C**) IL-6 on day 21 of the treatment. \* P\<0.02 and \*\* P\<0.01 vs. untreated RA rats.](medscimonit-26-e924787-g007){#f7-medscimonit-26-e924787}

![Effect of RT-Pt(II) on COX-2 level in RA rats. (**A**) The RA rats untreated or treated with RT-Pt(II) at 2 mg/kg and 5 mg/kg doses were assessed for COX-2 level on day 21 of the treatment. (**B**) Semi-quantified data. \* P\<0.02 and \*\* P\<0.01 *vs.* untreated RA rats.](medscimonit-26-e924787-g008){#f8-medscimonit-26-e924787}
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